ABSTRACT: The objective of this study was to develop a new approximation method for determining confidence intervals for the coefficient of variation, and, using Monte Carlo simulation, to compare the relative efficiency of the new method with Miller's, Vangel's, and two types of Mahmoudvand and Hassani's methods. It was found that the efficiency of the new approximation method was superior when n 30 and the population coefficient was greater than 0.5. With n 30 and the population coefficient less than 0.5, the new method was no less efficient than the other methods, and sometimes better. The new method was applied to examine the variability of a variety of agricultural products using data from 2006-2010. It was found that the variation in cassava yields was less than that for maize, rubber, and main rice. Cassava production was more stable across all environments.
INTRODUCTION
The coefficient of variation is an important measurement of reliability of data 1 . It is defined by κ = σ/µ where σ is the population standard deviation and µ is the population mean. Given the random variable X is normally distributed, the represented sample estimate of κ, depends on the sample size n. The statistic iŝ κ = S/x, where S is the standard deviation, andx is the sample mean. The sample coefficient of variation, κ is measured as a point estimate of κ. In some cases, using the coefficient of variation may provide a poor estimate of κ. Hence the researcher should use it carefully. One way is to use the confidence intervals for the coefficient of variation by considering the width of the range that is indicative of an environment suitable for agricultural production, such as the variability of agricultural production by the confidence intervals for coefficient of variation 2 . This article examines and compares different methods. The new approximation method is compared with Miller's method, Vangel's method and two types of Mahmoudvand and Hassani's method by Monte Carlo simulation. It also examines the variability of agricultural products in different regions using the new approximate confidence intervals for the coefficient of variation. 3 . The data sets were from cassava, rubber, maize and main rice. The numbers of data points were 226 for cassava, 282 for rubber, 200 for maize, and 380 for main rice (Table 1) .
METHOD Previous approximation of confidence intervals for coefficient of variation
There have been several approximation methods. Miller 4, 5 proposed the following:
where ν = n − 1, and Z α is the statistic of the standardized normal distribution corresponding to (1 − www.scienceasia.org α) 100%. Vangel's coefficient of variation is given by
where u = u 1 , u 2 and u 1 = χ 2 ν,1−α/2 and u 2 = χ 2 ν,α/2 . Mahmoudvand and Hassani 7 suggested two new confidence intervals for the coefficient of variation in a normal distribution:
Miller's formula is usable when n 10 and 0.33 κ 0.67. The Mahmoudvand and Hassani methods give results to Miller's method for large n. This paper proposes a new confidence interval CI3.
The new of approximation confidence intervals for coefficient of variation
In this section, we shall consider the mean and variance of the coefficient of variation for normal distribution. We introduce an asymptotically unbiased estimator for κ, obtain its variance and finally construct a confidence interval. X is a normal random variable with mean µ and variance σ 2 . E(X) = µ, V (X) = σ 2 . For a random sample of size n,
Hence
. Thereforē κ is also asymptotically consistent. Now, using the normal approximation, we have
where
Hence the 100 (1 − α)% confidence interval for κ based on (5) iŝ
If κ is unknown, we useκ instead. Hence the 100(1 − α)% confidence interval for κ iŝ
(6) where
RESULTS AND DISCUSSION
Data was simulated with a Monte Carlo simulation. The simulation was repeated 50 000 times. The sample size was 10, 15, 25, 30, 50, and 100. The coefficient of variation of population was 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 at confidence level of 90% and 95%. Table 3 Average width and coverage probability (in brackets) of the new method for 1 − α = 0.90, 0.95 at a small sample size (n < 30) and κ = 0.1-0.9. 
Comparison of the methods from simulation
The results of using Monte Carlo simulations to investigate the coverage probabilities of the confidence intervals CI1, CI2, CI3, CI4 and CI5 and their average width of confidence intervals are presented in Table 2 and Table 3 .
The new method of confidence intervals for coefficient of variation was derived from the theory of large samples. method in most cases is more efficient than the other methods, The new method has a coverage probability which is closer to the nominal level than the other methods and the new method has an average width less than the other methods. Therefore we concluded that the new method in most cases was more efficient than Miller's method, Vangel's method and Mahmoudvand and Hassani's methods in two ways. First, the sample size has less than 30 and population coefficient of variation is 0.5-0.9. Second, the sample size n 30 and population coefficient of variation is 0.1-0.9. The new method shows better results when there is a larger sample size. The new method has coverage probability close to nominal level when the sample size is large. When the sample size is less than 30 the new method has coverage probability close to the nominal level when the population coefficient of variation is between 0.5 and 0.9, as shown in Table 2 and Table 3 .
Comparison of approximation methods of data from agricultural yield At 95% confidence levels for cassava yield, the northeast region has the smallest width range of all methods which means that it is the most stable across environments in Thailand for cassava. If the width ranges of each method were compared, all methods have almost the same width ranges (Fig. 1) . At 95% confidence levels for rubber yield, the southern region has smallest width range of all methods, which means that it is the most stable across environments in Thailand for rubber (Fig. 2) .
At 95% confidence levels for maize yield, the eastern region has the smallest width range of all methods, which means that it is the most stable across environments in Thailand for maize (Fig. 3) .
At 95% confidence levels for main rice yield, the northeast region has the smallest width range of all www.scienceasia.org methods, which means that it is the most stable across environments in Thailand for main rice (Fig. 4) . L is the lower limit, U is the upper limit, R = U −L. In Table 4 , when the approximation confidence interval for coefficient of variation was used, the examination the variable of agricultural products found that cassava was more stable across environments than maize, rubber, and main rice. 
